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Nephron responses to converting enzyme inhibition in non-clipped
kidney of Goldblatt hypertensive rat at normotensive pressures. To
evaluate the effects of angiotensin converting enzyme inhibition (SQ
20881, CE!) on superficial nephron function of the non-clipped kidney
in Goldblatt hypertensive rats in the absence of alterations in renal
arterial pressure, control renal arterial pressure (RAP) was reduced first
to the range generally obtained during CEI (124 4 mm Hg). RAP was
maintained during the CE! period by adjustment of a suprarenal aortic
clamp. At the reduced RAP, whole kidney and single nephron glomer-
ular filtration rates (GFR) were reduced from the hypertensive levels
and were lower than the measurements in normotensive control rats.
During CE!, whole kidney GFR and single nephron GFR increased by
55 and 42%, respectively. There were decreases in absolute as well as
fractional proximal reabsorption rates. In the intermediate nephron
segment, fractional reabsorption was decreased, but absolute fluid
reabsorption increased in proportion to the increased delivery rate.
Proximal tubule and peritubular capillary hydrostatic pressures in-
creased significantly during CEI also. These results indicate that an
increased activity of the renin-angiotensin system occurring in
Goldblatt hypertensive rats subjected to aortic constriction exerts
effects to lower GFR and increase proximal reabsorption rate. The
concomitant superficial nephron and whole kidney GFR responses to
CE! when arterial pressure was maintained suggests that the pre-
existing levels of angiotensin exerted similar influences on the total
nephron population.
Réponses dii néphron a l'inhibition de l'enzyme de conversion dans Ic
rein non clippé de rats hypertendus Goldblatt pour des pressions nor-
males. Afin d'valuer les effets de l'inhibition de l'enzyme de conver-
sion de l'angiotensine (SQ 20881, CEI) sur Ia fonction des néphrons
superficiels du rein non clippé de rats hypertendus Goldblatt en
l'absence d'altération de La pression artérielle rénale, Ia pression
artérielle rénale contrôle (RAP) a d'abord dté diminuée aux valeurs
généralement obtenues pendant CE! (124 4 mm Hg). RAP a étë
maintenue pendant Ia periode de CE! par ajllstement d'un clamp
aortique sus-rénal. A une RAP réduite, les debits de filtration gb-
mérulaire (GFR) renal totale et nCphronique individuelle étaient réduits
par rapport au niveau hypertendu, et étaient plus faibles que les valeurs
des rats normotendus contrOles. Au cours de CEI, GFR du rein entier
et GFR ndphronique individuelle ont augmenté de 55 et 42%, respec-
tivement. II existait des diminutions des debits de reabsorption absolus
et fractionnels proximaux. Dans Ic segment nephronique intermédiaire,
Ia reabsorption fractionnelle Ctait diminuée, mais Ia reabsorption
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absolue de liquides augmentait en proportion de l'accroissement du
debit délivré. Les pressions hydrostatiques tubulaires proximales et
capillaires péritubulaires ont également augmenté significativement
pendant CE!. Ces résultats indiquent qu'une augmentation de l'activité
du système rénine angiotensine chez des rats hypertendus Goldblatt
soumis a une constriction aortique a pour effet d'abaisser GFR et
d'augmenter le debit de reabsorption proximale. Les réponses concomit-
tantes de GFR du néphron superficiel et du rein entier a CE! Iorsque Ia
pression artCrielle Ctait maintenue suggérent que les niveaux pre-
existants d'angiotensine ont exercé des influences identiques sur
I'ensemble de Ia population nCphronique.
Several studies have indicated that an elevated activity of the
renin-angiotensin system (RAS) resulting from stenosis of one
renal artery (2-kidney, I-clip hypertension) not only exerts a
general vasoconstrictor action but also influences renal hemo-
dynamic function and tubular reabsorption of the contralateral
non-clipped kidney [1—7]. This influence is thought to be re-
sponsible, at least in part, for the inadequate excretory re-
sponse of the non-clipped kidney to the elevated arterial pres-
sure. The existence of such a functional derangement has been
supported by in vitro and in vivo experiments that have
demonstrated alterations in glomerular hemodynamics and im-
pairments in renal autoregulatory capability and excretory
function in the contralateral kidney [4—6, 8—111.
Studies using angiotensin I converting enzyme inhibitors and
angiotensin II competitive analogues have suggested that, at
least during the early stages in this model of renal hypertension,
some of the alterations in renal vascular resistance and impair-
ments in excretory function in the non-clipped kidney are
angiotensin dependent [1—71. These results are consistent with
the findings of elevated plasma renin levels observed for several
weeks after clipping in 2-kidney 1-clip rats [1, 121. The associ-
ated reduction in renal arterial pressure; however, is a problem
inherent in studies evaluating the effects of angiotensin block-
ade in a setting of a high activity of the RAS [1—4, 7, 13, 14].
Thus, it seems likely that the magnitude of the renal responses
to angiotension blockade generally has been underestimated
due to the counteracting effects of reduced arterial pressure to
the kidney. This study controls for this confounding influence of
arterial pressure and allows a more quantitative assessment of
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the effects of angiotensin on single nephron function and tubular
reabsorption occurring during conditions of an elevated status
of the renin-angiotensin system. Whole kidney and superficial
nephron function were evaluated at equivalent arterial pres-
sures before and during administration of an angiotensin con-
verting enzyme inhibitor (SQ 20881) by using a suprarenal
aortic clamp placed just above the level of the left renal artery
to reduce renal arterial pressure to a level comparable to that
produced by infusion of SQ 20881 only. Although it is recog-
nized that this approach might cause a further augmentation of
the renin-angiotensin system, the use of this renal hypertensive
model allowed evaluation of the effects of angiotensin inhibition
in a high renin model in the absence of severe hypotension.
Methods
Young Sprague-Dawley rats weighing 80 to 100 g were
anesthetized with sodium pentobarbital (5 mg!l00 g, i.p.) and a
0.25 mm silver clip was placed on the right renal artery 3 weeks
prior to the acute experiment. All rats were fed a commercial
rat chow containing 0.15 m of sodium per gram of chow and
were allowed free access to tap water. At the time of the
experiment, the rats weighed between 190 to 260 g. Rats were
anesthetized with sodium pentobarbital (5 mg/lOO g, i.p.) and
prepared for micropuncture as described previously [31. Fem-
oral arterial pressure was measured with a Statham transducer
(Gould-Statham Instruments, Inc., Hato Rey, Puerto Rico) and
used as an indicator of renal arterial pressure to the left
non-clipped contralateral kidney. Pressures were recorded on a
Grass P7 polygraph (Grass Instruments Co., Quincy, Massa-
chusetts, USA). The left kidney was exposed via a flank
incision, isolated from surrounding tissues, and placed on a
Lucite® cup. In order to reduce renal arterial pressure, an
adjustable clamp was placed around the aorta between the renal
arteries as described previously [1].
At the outset of surgery, an isotonic saline solution was
infused intravenously at a rate of 0.02 mI/mm. After completion
of surgery, each rat received a priming dose (0.2 ml) of 15%
polyfructosan (mutest, Laevosan Gesellschaft, Linz, Austria)
dissolved in normal saline. The sustaining infusion was main-
tained at a rate of 0.01 mllmin for the duration of the experi-
ment. The total volume infusion rate was kept unchanged by
reducing the rate of isotonic saline infusion to 0.01 mI/mm. One
hr was allowed for equilibration before initiating micropuncture
procedures.
All groups underwent similar micropuncture procedures. In
the rats first subjected to reduced renal perfusion pressure, the
aortic clamp was adjusted to achieve a femoral arterial pressure
of about 125 mm Hg, a value comparable to that seen after 1.5
hr of CEI infusion and similar to that obtained in normal
non-clipped rats [1]. Control data in this group of hypertensive
rats were obtained at reduced arterial pressure (N = 9) and
compared to the values obtained in a control group of hyper-
tensive rats studied at spontaneous hypertensive pressure (N =
7). This approach was chosen because initial pilot experiments
indicated that the time involved in making all clearance and
micropuncture measurements during three experimental peri-
ods (spontaneous pressure, reduced pressure, and reduced
pressure plus CEI) was excessive and jeopardized the prepara-
tion. The seven rats used for the control hypertensive series at
hypertensive pressures were used as time controls for both the
current and previously reported series of experiments [3].
To assess filtration rate and tubular reabsorption, three
partial free-flow proximal tubule fluid collections and three to
four complete distal tubular fluid collections from different
nephrons were taken during control and CE! periods. Micropi-
pettes (tip diameters of 8 to 10 jm for proximal tubule punc-
tures and 5 to 7 m for distal tubule punctures) filled with Sudan
black-tinted castor oil were used to collect samples from late
proximal tubules and early distal tubules that were identified
and localized as described previously [3]. Different tubules
were used for distal collections in order to avoid possible
artifacts due to leakage from the proximal collection site. Timed
complete early distal tubule samples were collected by inserting
an oil block 3 to 5 tubular diameters in length and initiating a
spontaneous collection in the pipette. Single nephron glomeru-
lar filtration rate (SNGFR) was determined on the basis of the
distal tubular fluid collections in order to avoid possible errors
associated with reductions in distal volume delivery that may
occur during complete proximal collections [3, 151. Timed urine
samples from the left ureter were collected for determination of
whole kidney GFR. Arterial blood samples were taken at the
beginning and end of each clearance period. Upon completion
of the control clearance period, 0.5 mg of SQ 20881 was
administered and followed by a constant infusion at a rate of 3
mg kg'hr'. The effectiveness of this dose in blocking
angiotensin II formation has been demonstrated previously [11.
The SQ 20881 infusion replaced the saline infusion so that the
total rate of volume infusion was unaltered. A waiting period of
30 mm was allowed to achieve a new steady state. Tubular fluid
recollections from the same puncture sites were taken during
this period of CE!.
In another series (N = 6), peritubular capillary hydrostatic
pressures and intratubular free flow hydrostatic pressures in
proximal and distal tubules were measured using a servo-null
micropressure system (Instrumentation for Physiology and
Medicine, San Diego, California, USA). Since these pressure
measurements required less time than the tubular fluid collec-
tions, measurements were made during all three periods: spon-
taneous arterial pressure, reduced arterial pressure, reduced
arterial pressure plus SQ 20881 infusion. In an additional series
of hypertensive rats prepared in an identical manner, arterial
blood samples were collected for the determination of plasma
renin activity before (N = 6) and following aortic constriction
(N=3).
At the end of each experiment, the left kidney was excised,
blotted dry, and weighed. Urine volumes were determined
gravimetrically. Plasma and urine polyfructosan, sodium, and
potassium concentrations were measured as described previ-
ously [3]. Plasma and urine chloride concentrations were deter-
mined with a Buchler chloridometer (Buchler Instruments, Fort
Lee, New Jersey, USA), and urine and plasma osmolalities
were measured with a vapor pressure osmometer (Wescor,
Logan, Utah, USA). Tubular fluid volume was measured in a
precalibrated constant-bore capillary with a slide comparator
(Gaertner Scientific, Chicago, Illinois, USA). Tubular fluid
polyfructosan concentration was determined with a fluorocol-
orimeter (American Instrument, Silver Spring, Maryland,
USA). Tubular fluid chloride concentration was analyzed by
means of electrometric titration (model FT-2230 microtitrator,
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Table 1. Renal functional responses of the non-clipped kidney to CEI during maintained arterial pressure (N = 9)
Collection
period
Femoral arterial
pressure
mm Hg
GFR
mi/mm
V
pi/min
UNaV
pEq/min
FENa
%
UkV
mEqimin
FEk
%
Uc1V
mEqimin
FE1
%
Reduced BP 123 1.13 3.58 0.088 0.06 0.523 12.99 0,422 0.159
(first collection) ±3 ±0.08 ±0.53 ±0.051 ±0.03 ±0.121 ±2.66 ±0.184 ±0.058
CEI 124 1.75c 9.29 0.612' 026b 2050d 35,86b 1382b 0698b
(re-collection) ±4 ±0.19 ±1.49 ±0.317 ±0.14 ±0.378 ±4.83 ±0.477 ±0.232
Body wt, 215 ± 8 g; kidney wt, 1.10 ± 0.09 g (left kidney).
Abbreviations are: CEI, converting enzyme inhibition; GFR, glomerular filtration rate; V, urine flow; UNaV, absolute sodium excretion; FENa,
fractional sodium excretion; UKY, absolute potassium excretion; FEK, fractional potassium excretion; U,1V, absolute chloride excretion; FEc1,
fractional chloride excretion.
a Initial spontaneous blood pressure, 158 ± 6 mm Hg.
b P <0.05; 'P < 0.01; and dp < 0.001, compared to the corresponding first collection.
Table 2. Superficial nephron GFR, tubular flow, and tubular fluid composition responses to CE! in the non-clipped kidney of Goldblatt
hypertensive rats
Late pr oximal tubule Early distal tubule
Osmolality Osmolality
Collection SNGFR Flow [Cl] mOsm/kg Flow [Cl-] mOsm/kg
period ni/mm (TF/P)1 ni/mm mEq/liter H20 (TF/P)1 ni/mm mEqliiter H20
Reduced BP 18.6 1.88 10.94 135.9 304.2 9.93 2.42 39.2 185.1
(first collection) ±1.8 ±0.12 ±1.51 ±3,1 ±3.4 ±1.85 ±0.46 ±4.0 ±8.4
CEI 26,4a 1.36a 20.13a 134.1 298.4 4.16a 579 40.1 180.0
(re-collection) ±1.5 ±0.10 ±1.72 ±2.9 ±4.6 ±0.45 ±0.65 ±5.1 ±9.4
Average values based on mean data from each rat (N = 9).
aP < 0.01, compared to the control collection.
W-P Instruments, New Haven, Connecticut, USA). Tubular
fluid osmolality was measured with a nanoliter osmometer
(Clifton Technical Physics, Hartford, New York, USA). Calcu-
lations for clearance and micropuncture values were performed
using standard formulas [3]. SNGFR was calculated from the
product of distal flow rate and distal TF/P mutest ratio and
average values for each rat were determined for the control and
CE! periods. Absolute volume reabsorbed up to the proximal
collection site was calculated from the product of SNGFR and
the fractional volume reabsorption rates calculated from the
free flow proximal collections. The reabsorption rate was
substracted from the SNGFR to yield the delivery rate out of
the proximal tubule.
Plasma renin activity (PRA) of the arterial blood samples was
determined by radioimmunoassay as described previously [1],
but modified for smaller samples. PRA data are reported as
nanograms of angiotensin I generated per ml of plasma per hr of
incubation (ngAI/ml/hr),
Data are presented as mean ± SEM. Differences between
control and experimental observations were analyzed by paired
analysis. Unpaired analysis was used for comparisons of con-
trol values at reduced renal arterial pressures with those ob-
tained at the unaltered hypertensive arterial pressures. Simple
regression analysis was utilized for the evaluation of the rela-
tionships between load to the intermediate segment and reab-
sorption rates.
Results
Spontaneous arterial pressure in the 2-kidney, 1-clip rats as
prepared for the experimental procedures averaged 158 ± 6 mm
Hg. After the aortic clamp was constricted, femoral arterial
pressure was reduced to 123 ± 3 mm Hg. The control clearance
values at this reduced pressure are shown in Table 1. The GFR,
urine flow, and sodium excretion rates were significantly lower
than those obtained in the time-control hypertensive group not
subjected to aortic constriction (N = 7). In the time-control
group [3], arterial pressure was 152 ± 5 mm Hg, GFR averaged
1.44 ± 0.13 mllmin, urine flow was 5.81 ± 1.0 l/min, and
sodium excretion was 0.177 ± 0.096 mEq/min. The PRA values
in anesthetized hypertensive rats prepared in a similar manner
(N = 6) averaged 28.5 ± 3.0 ngAI/ml/hr. These were signifi-
cantly higher than PRA values from normotensive rats [1]. No
significant increases in PRA were detected in response to the
reduction in femoral arterial pressure by aortic clip constriction
(28.1 ± 2.5 ngAI/ml/hr).
During administration of SQ 20881, the aortic clamp was
adjusted to counteract the effects of the reduced systemic
arterial pressure and to maintain a steady-state femoral arterial
pressure of 124 ± 4 mm Hg during the CEI period. As shown in
Table 1, the administration of SQ 20881 led to significant
increases in GFR (55%), urine flow (159%), and absolute and
fractional excretion rates of sodium, potassium, and chloride.
The excretory responses to CE! were marked with a 595%
increase in sodium excretion, a 292% increase in potassium
excretion rate, and an increase in chloride excretion of 439%.
The data obtained from the tubular fluid collections are
summarized in Table 2. As with whole kidney function, SNGFR
observed at reduced arterial pressure (18.6 ± 1.8 nLlmin) was
lower than in the time-control hypertensive group, which had
an SNGFR of 25.6 ± 2.5 nI/mm [3]. In response to CE!,
Nephron responses to CE! in Goldblatt hypertension 131
SNGFR increased significantly (42%). For each experiment, the
ratio of SNGFR to kidney GFR was determined to assess the
relative association between the superficial nephron responses
and those of the total nephron population. In contrast to the
results obtained when arterial pressure was not maintained
constant [3], this ratio was not significantly different between
the reduced pressure period and CEI period (1.63 0.85 x 10—6
vs. 1.65 0.80 x 10—6).
The calculated average values for fractional and absolute
volume reabsorption rates up to the late proximal and early
distal tubule segments are illustrated in Figure 1. In response to
CE!, there were significant decreases in proximal fractional
reabsorption rate. These were associated with decreases in
fractional chloride reabsorption rate (35.6 2.9 to 16.7 3.3%)
and in fractional solute reabsorption rate (45.7 4.8 to 24.9
5.2%). Absolute reabsorption rates for volume, chloride, and
total solute in the proximal tubule decreased also despite the
increase in filtered load. Fluid volume reabsorption decreased
from 8,4 0.9 to 5.2 1.3 nI/mm. The changes in absolute
chloride (0.7 0.1 to 0.4 0.1 nEq/min) and total solute (2.3
0.3 to 1.6 0.4 nOsm/min) reabsorption mirrored the fluid
reabsorption responses shown in Figure 1.
There were clear decreases also in fractional reabsorption up
to the early distal tubule; FRH2O decreased from 84.8 2.4 to
70.6 2.8%; FRc1 declined from 94.4 1.2 to 88.9 1.9%, and
FRosm was reduced from 91.1 1.3 to 81.2 1.9%. In contrast
to the directionally similar responses seen at the level of the
proximal tubule, absolute reabsorption of fluid, chloride, and
total solute significantly increased when assessed at the level of
the early distal tubule. Along with the increased fluid reabsorp-
tion rate shown in Figure 1(15.0 1.5 to 18.1 1.2 nl/min),
chloride reabsorption increased from 1.9 0.2 to 2.4 0.2
nEq/min, and solute reabsorption increased from 4.6 0.4 to
6.3 0.4 nOsm/min,
The calculated fractional reabsorption rates by the interme-
diate nephron segment between the proximal tubule and the
distal tubule collection site decreased significantly also in
response to CE! administration. FR20 decreased from 76 4 to
68 5%; FRosm was reduced from 86 2 to 80 3% and FRi
decreased from 93 2 to 90 2%. In contrast, absolute fluid,
chloride, and solute reabsorption rates increased from 8.6 1.4
to 13.9 1.6 nl/min; 1.4 0.2 to 2.5 0.3 nEq/min and 2.9
2 4 6 8 10 12
Solute delivery
nOsm/min
Fig. 2. Relationships between tubular load and the absolute reabsorp-
tion rates by the intermediate nephron segment between the proximal
and distal tubular collection sites. Definitions are: r, correlation coef-
ficient;•, data obtained during reduced blood pressure period; 0, data
taken during CEI infusion, , regression equations for each set of
data; ***, P < 0.001.
0.4 to 5.0 0.6 nOsm/min, respectively. The increases in
absolute reabsorption of fluid, chloride, and total solute by this
nephron segment were correlated closely with the increased
tubular load, leaving the late proximal tubule as a consequence
of the increased SNGFR and reduced proximal absolute reab-
sorption rates during CEI, As shown in Figure 2, there were
consistent correlations between the load to the intermediate
segment and the absolute reabsorption rates for fluid, chloride,
and solute. There was no apparent shift in the relationship
induced by CE! since the increases in delivery were accompa-
nied by predictable increases in reabsorption.
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Fig. 1. Effects of CE! on fractional (FRH2O) and absolute fluid reab-
sorption (AR1o) to the proximal (•) and distal tubule (0) collection
sites. Abbreviations are: C, control (reduced blood pressure) period;
CEI, converting enzyme inhibitor infusion period. * p < ØQ5; *** p <
0.001, compared between control and CEI periods.
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Fig. 3. Responses of arterial blood pressure, proximal tubule and distal
tubule hydrostatic pressures, and peritubular capillary hydrostatic
pressure to aortic clamping and to CE! infusion. Definitions are:
MABP, mean arterial blood pressure; P, proximal tubular pressure;
EDT, distal tubule pressure; P, peritubular capillary pressure, NS, no
significance; ', P <0.05; P <0.01; 'ku', P <0.001, compared to the
preceding period.
The tubular and peritubular capillary hydrostatic pressures
measured in six hypertensive rats are shown in Figure 3. The
free flow tubular hydrostatic pressure decreased from 12.5
0.6 to 11.4 0.4 mm Hg for the proximal tubule and 7.8 0.6
to 6.5 0.5 mm Hg for the distal tubule in response to aortic
constriction, which reduced femoral arterial pressure from 157
5 to 117 1 mm Hg. During SQ 20881 administration,
femoral arterial pressure fell further, but was not significantly
different (112 7 mm Hg). Proximal and distal tubule pressures
increased to 14.2 0.2 mm Hg and 8.4 0.4 mm Hg,
respectively. The peritubular capillary hydrostatic pressure
declined from the control level of 11.3 0.5 to 9.6 0,6mm Hg
during aortic clamping and then rose to 10.5 0.6 mm Hg
during CEI.
Discussion
Noteworthy in this study is that renal arterial pressure was
maintained essentially the same during the control period and
the period of converting enzyme inhibition. Thus, the influence
of the hypotension that occurs consistently following CE! in
2-kidney, 1-clip hypertension was already present during the
control measurements. Under these conditions, the filtration
and tubular reabsorptive responses to CE! should reflect the
direct effects of the elimination of the pre-existing angiotensin-
dependent influences on nephron function. The results demon-
strate that CE! led to substantial increases in GFR and SNGFR
and reductions in tubular reabsorptive function of the contra-
lateral kidney. The major decline in tubular reabsorption was
seen at the level of the proximal tubule in which both absolute
and fractional reabsorption of fluid, chloride, and total solute
were diminished significantly. Fractional reabsorption up to the
early distal tubule decreased also; however, absolute tubular
reabsorption increased slightly as a consequence of the in-
creased delivery. The combination of increased fractional vol-
ume remaining and the increased GFR resulted in a greater than
twofold increase in distal flow rate. The effects of CE! on GFR
and SNGFR at equivalent pressures are greater than those seen
previously [31 under conditions of different arterial pressures.
It should be recognized that these experiments were con-
ducted in anesthetized rats, which have been shown to have
greater activity of the renin-angiotensin system than
unanesthetized animals. Furthermore, the conditions of this
experimental design included a mechanically induced reduction
in the renal perfusion pressure prior to administration of the
converting enzyme inhibitor. This lowering of the renal arterial
pressure, although still within the normal range, might have
activated further the renin-angiotensin system above the level
that existed in the intact, hypertensive animals. Apparently,
however, this was not reflected by further increases in PRA.
Nevertheless, it is possible that there were more exaggerated
responses to CEI under the present experimental conditions
than would occur in the awake state and at spontaneous
hypertensive pressures. Regardless of the relative contributions
of these various factors to the enhanced status of the renin-
angiotensin system in this precise experimental setting, the
results allow an assessment of SNGFR and tubular reabsorptive
alterations during inhibition of angiotensin converting enzyme
but with maintained arterial pressure.
As demonstrated in Table 2, the tubular flow leaving the late
proximal tubule increased due to an increased SNGFR and a
reduced reabsorption from the earlier nephron segments. This
increase in delivery was associated with an increased absolute
reabsorption by the intermediate nephron segment. Since ab-
solute reabsorption was not decreased, it is unclear if angioten-
sin II exerts a specific influence on reabsorptive capacity in this
nephron segment. The decreased fractional reabsorption could
have resulted from either an increased tubular load or a direct
inhibition of an angiotensin-mediated influence on this segment.
The results shown in Figure 2 indicate that the reabsorption
rates of fluid, chloride, and total solute were correlated closely
to the delivery rates to the intermediate segment and are
consistent with data obtained in normal rats [161. Therefore, the
results appear to be characteristic for the normal relationship
between load and reabsorption rate by the intermediate seg-
ment and not due to the effects of CEI. These data suggest that
angiotensin does not exert a perceptible influence on the
portions of the nephron comprising this intermediate segment,
which includes the late portion of the proximal tubule, the loop
of Henle, and the early segment of the distal tubule. These
contrasting effects of CEI on proximal and intermediate seg-
ments suggest that the effects of angiotensin II on tubular
reabsorption occur predominantly on the proximal convoluted
tubule and are consistent with data obtained by Harris [17] and
with the recent study of Shuster, Kokko, and Jacobson [18] that
shows that angiotensin II in low concentrations stimulates
volume reabsorption in proximal convoluted tubules.
As with most studies using pharmacological blockers, one
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cannot be certain that all of the effects observed during CEI
were due specifically to inhibition of angiotensin II formation.
For example, an increased kinin activity could have contributed
to these responses, and there is a general concern about
non-specific effects of the drug. The specific quantitative con-
tributions of these non-angiotensin-related influences are dif-
ficult to establish [19—221. However, it has been demonstrated
that infusion of bradykinin or several prostaglandins do not
effect reductions in absolute proximal tubular reabsorption as
observed in this study [23, 24]. Furthermore, renal kallikrein
appears to be localized to the distal tubule [19], and it seems
unlikely that the tubular reabsorptive responses seen at the
level of the proximal tubule could have been mediated directly
by increased intrarenal kinin or prostaglandin levels [23—251.
Rather, several lines of evidence indicate that angiotensin II
stimulates tubular reabsorption of sodium and water directly [7,
17, 181. Also, specific angiotensin II binding sites have been
demonstrated in isolated renal tubule and renal brush border
membrane vesicles [26, 27], and this binding apparently is
related to sodium transport [27]. Studies using the receptor
antagonist, saralasin, have shown a reduction in absolute and
fractional reabsorption of fluid by the proximal tubule in
sodium-depleted rats [13]. Thus, the depressed tubular reab-
sorption rates and the increased SNGFR following infusion of
SQ 20881 were most likely due predominantly to the blockade
of an angiotensin Il-mediated enhancement of tubular reabsorp-
tion and depression of glomerular function,
Besides the influence of changes in filtered load and of
humoral agents, variations in the peritubular Starling forces
may affect tubular reabsorption also [23, 28, 29]. In this study,
however, the increased filtered load and the associated rise in
tubular hydrostatic pressure would be expected to enhance
absolute reabsorption as a result of the process of glomerulo-
tubular balance. Accordingly, these changes should not be
responsible for the diminished absolute tubular reabsorptive
responses in the proximal tubule. Additional physical factors
that could contribute to decreases in reabsorption are increases
in peritubular capillary and interstitial hydrostatic pressures. In
our previous study [31, however, the peritubular capillary
hydrostatic pressure declined slightly after CEI infusion, but a
significant reduction in tubular reabsorption was obtained.
Therefore, the decreased tubular reabsorptive responses ob-
served in this study are unlikely to be due to the increased
interstitial and peritubular capillary hydrostatic pressures. It
remains possible, however, that the attenuated tubular reab-
sorption resulted, in part, from decreases in peritubular and
interstitial oncotic pressures. In this regard, vasodilators that
have been shown to exert reductions in the peritubular oncotic
pressure have not induced similar decreases in absolute proxi-
mal reabsorption observed in this study [23].
In our previous study where the renal arterial pressure was
uncontrolled, CEI caused proportionately greater increases in
total kidney GFR than in superficial nephron GFR [3]. Whether
due to selective vasodilation of deep nephrons or a conse-
quence of the reduction in renal perfusion pressure during CEI,
the previous experiments did not allow a final determination. In
the present experiments where there was no difference in renal
arterial pressure during the control and CEI periods, the ratio of
nephron GFR to kidney GFR essentially remained unaltered.
These data indicate that the marked fall of renal arterial
pressure was responsible primarily for the unequal increases in
regional filtration rates in response to CEI administration ob-
served in the previous study [3]. Since the direct effect of CEI
in the absence of associated changes in renal arterial pressure
does not effect a redistribution of SNGFR, we can conclude
that the angiotensin-mediated influences of GFR existing prior
to blockade were being exerted to a similar extent on superficial
and deep nephrons. Nevertheless, it is possible that the in-
creased whole kidney GFR relative to the superficial nephron
GFR existing in the contralateral kidney of our model of
2-kidney, 1-clip hypertension occurs primarily as a conse-
quence of an increased GFR in the deep nephrons. The values
for SNGFR relative to the whole kidney GFR existing during
CEI, although consistent with previous studies [3, 15], suggest
a substantially greater SNGFR in the deeper nephrons, which
might occur as an adaptive response during development of
hypertension.
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